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I NTRODUCT ION AND PLAN OF WORK. 

Is thP fi r ;;i p ubl icat ion (du 'l'oit· et ol ., HH'2) of ihe above serie6 the 
plan of inYeshgation \Yas fully desnibed, t he ob jects, methods 
em ploy eel a nc1 technique " ·er e giYeu i n detail. The r esu lts of the first 
three snn-eys \\·er e r ecorcl ecl :mel rliscu ;;sed . A later publication (du 
Toit eta/ . , 1Wn) repo rtNl on t he res lllts obiainP<l in t h e plot experi­
Jnents whieh form ed a sub-ch Yision of t he original expe1·imental plan. 
'l'he an:~lvses of six m or e s ur\·Pys, i .e. until April, 1933, h.aYe now 
lweu com plei·erl r1 ud r1 r e repodetl OJ\ .in t h is article. 

Br iefly, t be surveys m ea11t colleci ing samples of pasture at 
regu lar interYals from a number of nreas all OYe r t h e U nion and 
analysin g these fo r crurle proi ein , ermle fibre, s-oluble 
exh·act , soh 1ble :tsh , pl10sphorus, ca lcium, magnesium, sodium, 
potassium und l:blor iue . Sam plec, of ,;oil. a nd bloo(l wen~ 
collect ed simulta neously from t he sam e ~nea 01· from animals g-razing­
in th at area, t h e former analysed for i 1torga nic canst itnents and 
n i trogen a ncl t h e latter f01· p hosphorus. ln the fi r st puhlicatim1 
ment ione<l aboYe t he tables of results in chHlecl Yalues for both soil 
and pastnrP const it uents :md for bloo(l p hosphorus. 'l'b e view was 
expr essed, h oweYer , t hat soil rmr1 lysis (l oes not provide a very 
satisfactory method of stu dying t h e feeding value of pastures as 
obviously pastur e on poor soil ma y 5·ielcl excellent values if t he 
sampl es for analysis ar e taken at an ear ly stage of g r owth of t he 
pasture. H ence , soil au aly,;es, \Yhich enta iled a considera ble amount 
of labou r h ave been om itted from fu rt her work and t h e number of 
are.as from which pasture samples h ave been collected increased 
accordin gly . 
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M I NElt AL CONTENT AND FEEDING VAL"GE OF XATlJRAL PASTtTlm~:> 

The diagnosis of phosphor u s deficiency in pasture by determining 
t he inorgani c phosphonts con ten t of t h e blood of animals grazing· 
su ch pasture is simple a n d accu ra t e, but th e suney s <l eseribecl in thi ;.; 
series of art icles were int en derl t o be a study of th e feeding Ya l ue of 
Sou th A fr ican past ur es and not m erely a, study of their phosphoru,; 
con tent. B esides, from t h e large n umber of fig-ures for blood 
ph osphor us it has .al ready becom e evi den t that lo" · phosphorus in 
t he blood, a nd th er efore in t h e pastur e, is t he r ule rat her than the 
exception, ,;o t hat pasture an aly,; is, whi ch is essential for a sturl)' 
of t h e g-r ea te1· problem of t h e feeding Yalu e of t h e pastures a nrl 
which incidfmially in cludes th e cletenni.na tion of ph osphorus in t h e 
pasture, alrea rl .v covers t h e field of phosph oru s deficiency. Blood 
ana lysis h as t her efor e sen erl t h e pu rpose of establishing in a 
r em arkably shor t period t h e fact tha t practi call,,- all Sout h A fr ir·an 
past ures are deficient in pho,; phorus at r;er tain seasons of t he yea!' . 
Blood a nalysis for ph osp horus is now being u serl for studying t he 
phosphorus rlefi ciell cy problem in henl s or on fa rms where immediate 
in formation on this p roblem is r equ ired , and ha s been exchtLlecl from 
t h e g-reate1· sun·eys , w here i t \\·o ulrl na tu rally inYol ve ihe bleeding 
of m any hundreds of stock oYer exiendetl per i ocl~, a proced nre wb ir:h 
;tfte l' se1·e t·al repeti tion s is gt•ne rallY met with ; I t·edain ;1mouni of 
opposition on th e part of t h e farme1·s . Anot·her obstacle in t he 'my 
of d ra\\· ing t h e blood and prepari ng it fol' tlespatch io the laborat 01·.'· 
for ana ly sis is that a larg e Humlwr of <ll'ea s have to h e i1tclml ecl in 
t he sur Yeys in or der t o obt ai n r epre ,;en i a ti,-e fi gures atHl t h e staff 
is n ot aYailable to 1lo t h e h loorl , ,-ork in such a b rgP numhel' of ;uea,; 
<im ultan eously . On t h e oth el' hmul , Go1·ernm ent Stor·k I nspec tor,.; 
;1 1·e f< ta ti on eil p raC'ti l'ally all O \'f>l' UH• l'ni o11, an tl ih est-' lll<' ll I'OJied 
monthly sa mpleR of 1~ a sture OI L ('er t a i n farm s in t heir area;; m; part 
of t h eir offil'i.a l du ties . The org anization for obtaining the pasture 
samples is t h er efm·e vPry simple anrl effir·ienl. 'l' he nu mbe r of areas 
from wh ich pasture samples are r oller·t e1l h as beeu grea tl,\· incnasecl 
Tecentl,\· by employing· i h e stm·k inspector s for this wmk raih er tl1an 
t he fiel rl veter inary offi cer,;, >dwse n umh ers are li miterl . H o\\·eyer, 
all t h e su rvey;:; 1·e por t ecl on in th is pape1· h ave bee n oolleeied on the 
old ba,;is descr ibed in th e first nr t irle wii h one or t wo minor m orli fi l'a-
1ions as indica ted h elo" ·. 

Soil analy~es, as alread ,v PXpla iJI Pcl , have 1leeJl elimi nateil . 
'rhe sa mpl es of Yeg-etai ion are no long er sort eel i1lio spec ie :-; 
on arr iva l and t hese itl ent ified , bu t th ey are f reed hom sand , 
reduced if n eceRsar _v , m illerl a nrl <lna l)·,;erl. The obv ious disadvantage 
of t his procechtre is t ha t fi;r1tres are oh tainecl wh i ch are not t ruly 
rep rese ntative ·of th e pa Rture ad ua lly ea ten but of nll ihe pas.tnre in 
a parti1 :ular a rea . 

The above disatlva ll tage h as been oYercome in all the rer;ent work , 
abou t which lat er p art icula rs \l·ill a ppear in due course, hy aetually 
follo,Ying g-ra7,ing· animab in th e Yelll anrl collecting samples of 
pasture while observi ll g t h e a nimals' m et hocl of grazin g, sel ecting of 
gra ,.;.~e .-; , etl' . In othe r '~' orcl s , th e ,;ample I'Ollede1l i s a s n early as 
possible identical with t h e pasture eaten by the an imal s " ·hich were 
being followed. 

For t h e su n ey s r eporterl on in this art icle samples of pastur e 
wer e received at all stag es of growth so that there was no advantage 
in r om par ing the an alysis of a particular species of g rass from a 
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certain area with t he values obtained for the same species from 
anot her .area . The results are in any case not comparable, f or , .apart 
hom oth er clima tic all(l soi l i n flueiJces, t h e difference in st age of 
gr owth -of t h e t ""o samples of the same species from rl i:ffercnt areas 
could r eadily account for the differ ence in com lJOtli t ion . 'l'b e separate 
analysis of individual spec ies of vegetation was therefore omitted from 
t h e scheme. Th e rl est"ription of t h e samples wa s co ntinued as befor e 
;m el the ana ly"P" t"an·ierl ou t a ~ described in i he ln st p ubl i<"nh on 
(1934) . 

Th e 1nethocl for determi11ing ;;olnl1le ash is gin~ n by L ou\\· (1934). 
The other con sti t uents " ·ere lh•termi ned accor di ng to the meth ods 
given in t lu' e:ulier puhlicntions . 

Briefly, t h en, t he inYestigah nn included t he collection of pasture 
samples simultaneously hom a number of ar eas at t lnee-moD thb· 
in tervals and th e per iod t o he r eported on t hi" publication r:lllgecl 
from Janu ary, 1932, until Ap1·il, 1933. 'l'h e :;am11lPs \\·er e descr ibed 
on 1·each ing t h e cen tr al labOl'a tmy a t Onclersw po01 t, (hi ed a ncl 
milled . The following- (letenninntions were t h e11 made and ('akulat e<l 
on ahsolu te dr)· ba-;is : Sol ub lP ash (om itted from i he present sm·ie,) . 
(')' llde protein , crude fi bre, ph osphorus , calcium . magn esium, 
pota ssium, sorlium , <:hlor i ne a nrl n itrog en h oe e.:drnctiYes plu ,; ethe1· 
~oluhle ex(raet. 'l'he omi;:;~ ion of oue- or t " -o inq10ri ant rlei e rmin a­
i. ions from ihe pres<>nt se ries su(' b as .~ol nhl e a ;; h \\·a . ..; p:oyern Prl h)· 
;tYa ilable assisian<;P aJHl as la.rg-e 1111mher;; o f :;;l.m ple..; 1\·e1·e :~n· i.vi ng· 
it was ne r ;ess:~ r:v to n·m :-rin 11Jl t o rbie " ·i tl1 t tlP wm·k i u onlPJ' to keep 
i be organi zn tion of rollPding, forwR nli ng- , r Pp;istr·riJl p: an d pre paring· 
t be sa mples for anal:vsis ::1 c t ive <lnrl Pitic ie nt eYPll a t t he sacrifi ce of 
rleterminai ion s which r·nnl (l haYe b eP n i ndurl e<l ,,-ii b a<h antage. 
J-Io,1·eye r, c;u ch i nadver tent ·om if' siom; in i.h e earlier work lJaYe been 
rectified , the or gani zation of both fiel d and laboratory staff perf ecte<l 
ns the officers, especially in t h e fi eld , became better acquainted with 
t he work wit h t he result t h at at present an organiza tion h as deYel ope<l 
for th e collection of several hundreds Df sam ples m on thly by stock 
in.-;pector.· stationed in as many m·eas in t h e Uni on , for the despatch 
of these samples to Onder st epoort, wh er e t h e regi stration, preparation 
for analyses and actual determina tions ar e earriecl out effici ently and 
in such a way that t h e f arm er s and offi cers in t he nreas concerned 
ar e in formerl from time to t im e of the r esults of th e inYestip;ation 
and t he fru it s of th eir la hour a nrl co-o per a ti on . 

RESULTS. 

Table I g iYes t he monthh· r ainfall in th e arPas of collPciion for 
t he periorl November , 1931, April , 1938. 

'l'he valu es given in Table r, not be ing reo-i,;tere(l aciual lv at tl iP 
sit es of t he collection of t h e pasture samples,"' slw uld be taken to be 
approx imate and not absolute. Th e rainfall t able will be di scussed 
in conjunction with th e values obta inerl on nnal:vsis of t h P pasture 
samples wh ich are given in Table II . 
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'fhe <lescr ipt-ion of tl1e pasture :samples i:; .-;uperficial and bnsed 
on t h e followin g : -

" :Jlixecl " m ean s t h a t t h e sample !'Hll h e (1iYided into 
npp1·oximatel .)· eq u ul qu a n tiiiPs of gl'een a n <l lmJ\\·n h erbage 
1 ec;pectiYel y . A ~ample l ablecl " m 1xed, llla1n l .1 gTeen " (·outai1 1 ~ 
ti0-80 p el <.;eJl t. g1 een h edJa ge, "hde .. llliXPd , w n inly ln·o11·n .. 
indi ca tef; the p re::;en ce of G0-90 p er ('e n t . lnmn1 l1e1·hage . I n a 
'· lH0 11·n ":'Hlllple t h e p reseJt<·P of not m or e thclll 10 p er cent. of gTeen 
ma te rial i s a llowed , " ·h i le i 11. n " g r <>e n .. :;am pl<> t h e amoun t o f 
b1·own m ater ial sh o uld n ot exceed 10 per u·nL 'J'h es<) tenm; 1efer to 
gTa ssrs o nl~- , <llHl i f lms hPs or cdn ulJ s are pre:;en t nH•nt im l of these is 
m:~d e a !'cord i 11 g ly. 'J.'h c· blanb i 11 t lte tah lc in cl if'at e t hcll for t h e 
tH•ri od in rptesti nll 11 0 co llPf'tiolls wr r r m ad e . Oui.bn•n ks {Jf in frd.io us 
disease·~ O<'ClllTed o n sPn•rn l O<'l'a siol iS. du r i11g \l·h ic h p e r·iod:; p n nla r y 
I'Liim \las madl' u pon t h e .<Pn·i l'rs of t iH· GoYer nlll ent YE'terill<l r \ · 
officers for a ssistaul'e so thnt t ilPI' cou ld not a l 11·a ys earn· out t h e 
collections of sn mples r egu hnly . " . . 

'l'he aualy~es of the samples ohiai11 ed hom E.u r·mna11 Ul l(l 
.Jlafeki11g given i n 'f a b le I l :uc grouped wii h t ho,.:e hom ceHi.rec; in 
t h e P ro1·i nce of tile 'l'nm sYaal on act·otLlll of the 111·oxin t ity of thr~e 
cl i,trids to t h e laHe r pro1·ince. Strictly speal;ing- t h ese areas li<· ill 
tl1e Cape Provi nce. 

U e ner a lly ~pea king-, ,-alu es fo r blood ]dW6jdJUr u ,.; :~boYe ahotll 
-!·:) m g m . p< ·r IUU <·.!'. h lood a ll · 1wt til a111· 11·n v irHli c:JtiY<' ol' 
p lt o,.: plwru~ cldi l' t<'lll'\. b u t a s rnan.v cb ;:;,.:e~ of sto.c k i tll·· lt l(l i. n g- tlry and 
lac·tating- l'OII·,.:. O'(e ll , hei i'Pr:< and :<h<•ep II'Pl'l' hlP d fm· <lll:dysis tltis 
n."·un• is 1J.1· 110 lll t'allS eX<I<'t IJ11i Co uld Sl' l'Ye (o ~ h OI\' lljl deficie:rWies 
<llld ~ tdlic i ell!' i e~ or ]dlO,.: p ltonL,.: at t h e ( i 11] (• of l Ji ec·tlill g' . Hor lliOf'(' 

rlPL1ils in n•ga nl i o t h e re la !io u lJ eh1·ee n !h e p lw sp lwlP co ll tt' n t of 
t lte pas i tne a nd (ha t of t lw l1lootl t il P n·ad er is r <:'fe rTt>d to t he ·first 
repo r·i on tlti .'i illl estigutiOJI (d n T oil 1' / ul., 1 ~J TI) . • \ nolher [acto r 
\\·h i<.;ll i s hrought out h.~- tbP ~- ,tluPs for· hlootl plto.-plt o nL:i ill the table 
abo1·e is the ap]IUI'PII( Lic k of agTeel iJel d het 11·c·e tL th e ]Jhosjlhoru.­
conteltt of lhe p:i:it u re a nd tlt :1 t of the hloo<l i n quit e a numbe r of 
cusPs . Alllt oug·b earli<>r \YOrk h a s uncl ouhl edly e~tahli she<l a direct 
rela tion l Je h1·<·e :r1 pl w ,; p lt o n L:i in 1ake and blood phos pl10rus it <loes 110t 
follm1· t h at any o u P rlete rm i 11at i on of the per;·ellbgP ph o,;ph orus i11 
p a st ure ~hould 1Je rPAecied <l irectly in tbc• i:rtorg;~ n i c phosphor u s 
con tent of i hP blocHl a n cl tlu1t fo r t \Y O rra;;ons mai nh . Fi1·;.:tly, the 
pas t ure colledP<l nw .1· n ot 1·ep.r·PsP11t a l n tc• samp l e of t h ai eate11 h.Y 
sl oek o n acco ullt of t h e m eth od of collec1 ion em-plo.n•cl for the ahoYc• 
:i tll 'l'e.\·s, rtll(l ,.;(' ('OIHilv i h P p t·N·l' tt tag·e Yal tH' of ph o~p h or· u ,; in pasi:un: 
g iYPS 11 0 indi e:ll io n of t h e nnt m 1n t of pn ~Luru aYnilnhl<· of th nt 
eo tn pos ition, i.e. of t h P tolnl intake of t h e animnb on sn eh pasture. 
ObYio usly , not m u r·h availnhl e pasture co nta in ing h io·h pho>'phont,;, 
:1s fo r i nshln<·P ;II t hP lwg- in 11 i 11 g o[ a H<'ll- ,.;e;Jso n · .~ gr01d h " ill .11u1 
Fh o\\· as high a :fignre for inorg-a n1r pho~phorus i n hl oo<l aR abu n•ln ni, 
p ns t.n re of aY<·rage C'Oill p osi t ion. Hen ce infonn a t ion ol' a m ore exac t 
n a t ure in reganl to ll1e re lation bc'h1·ee11 hlood and pashtn• plto~ph ont s 
a nd a lso i n 1·ega rd to ph osph or us cl l'nl'ien<·~- m· ot lwrwi~P !'a ll 
be oh tai n e <l if hot h 1·.nh 1es arP .<hr<li erl for pc·r iod ~ a~ <·nn lw do tH' 
in th e aboYe tnbl e, rafhrr tl ta n for f'Orresponclilt.Q' lll o nths o nl~'- If 
t h i,; is clon e it wi ll lw uoht·ed tk ti t be hi g·l1 e1· Yalu e~ f or pastm e 
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phosphorus tend to be reflected as h igher values for bloo~ phosphorus, 
e .g . Barberton, Zou tpan sberg, Nongoma, P ietermantzburg, Port 
E lizabeth, etc . However , t he agr eement is by no means of the nature 
of t h at obtained in controlled experiments and is being further 
investiO'ated in a few areas only wh ere t rue samples of the pasture 
eaten ~re collected by following animals and bleeding them after­
wards for blood samples for analysis . :1:\uthenuore, the anal:dical 
values of pasture collected on th e basis reported in this article are 
being compared with t hose obtained from true samples of pasture 
eat en gather ed by follo,Ying animals as already stated. 

One point is nevertheless evident from a study of the values for 
blood phosphorus when compar ed with the phosphoru content of the 
pasture, viz. , that practieally no Yalues are indicative of a phosphorus 
sufficiency in Sou th J .. frican pastures throughout t h e year, although 
quite a fair number of both pasture an d blood analyses sugges.t that 
during seasons of active growth and highest rainfall (mainly in 
summer) t h e pasture probably contains enough ph osphorus for 1. he 
requirements of non-lactating stock. 

The phosphorus contents of the pasture samples corroborate the 
statements made iu the first report of this series (1932) and may be 
summarized as fo llows : (a) 'l'he percentage phosphmus in pasture 
decreases as t he vlants matur e anrl extremely low values are often 
obtained during winter in cases where only fully grown out gr asses 
are available. 'l'hese Yalues i end to be eYen lo,Yer after adYe1·se 
conditions of temperahue, such as frost. (b) Of the climatic 
conditions du ring the gTowing seasons rainfall apparently determilles 
t h e stage of growth of pashue and hence its phosphorus conteJlt. 
(c) Very abun<lant rains do not ap pear to favour a high ph osphorus 
conten t of pnshue, ''"hile t he qner;tion of a possible leaching effect 
of the r ains may be a possibl e explanation but is still a matter of 
con jecture, e.g. Der·by 5G, Piet Hetief; Stainton, Lxopo; :Mimosa 
Park, P otchefstroom, etc. (d) Pasture samples containing shrubs 
invariably sh ow higher values for phosphorus than those consisting 
of grasses onl:v. (e) Deplorably small amounts of phospl10rus are 
pre~ent eYen during the best seasons of t he year in samples from 
cel'tain areas, e.g. Melbourne, Port Shepstone, :3Iarico, Mafeking, 
K uruman, etc ., and in some oth er areas during the "·inter months. 
It is inconceivable t h at the phosphmus requirements -of animals 
could be met under su ch arlver se conditions. (f) T he supplementation 
of pastu re u sed for grazing by phosphates for t he greater part of the 
year is essen tial if maximum production is aimed at. 

The rest. of the oonstituents g iYen in 'l'able II do not 1)resent su ch 
a gloomy prctu re as the ph osphate values do. Cru de proteill is 
certainly very low at times a nd as stated in the first article can 
hardly be believed to satisfy t h e protein r equirements of the animals 
at all seasons of t he year . Appreciable increases in the protein 
content of t he pastur e is associated with the presence of new o'rowth 
a nd naturally an increase in th.e phosphorus content. "' Low 
phosphoru s and low protein, u sually in <licative of an athance<l stage 
of gr owth of the pasture, are on the whole associated with high 
v:;th~es for crude fibre .. Lime values for som e pasture samples are 
d1shn ctly on t h e l ow siCle but t h e valu es that need be viewerl with 
concern are those for sodium . Generallr it appears t hat the pastures 
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are extraordinarily low in sodiu m and even w it h m oderate milk 
production it i s h ardly conce ivable that the dai ly p asture ration 
satisfies the sodium requirem ent s of a lat.:tating co\\·. As a matter of 
fac t in a number of cases t h e so<lium content of 2;) lb . of dry pasture , 
of t h e type r epresented by th e sa mples~the ap proximate daily intake 
of a 1,000 lb. oow- is less than t h e sodium actually secreted in two 
gallons of milk . The que~tion of a po~sible sorlium deficiency in 
Sout h African past ures a nd t h e ceftect ou a tLim al s i:; being investi gatf'<l 
at t h e present time and \l·ill be 1eporterl on i n due course. 

If t h e sa mple~ an al)rsecl are at all repn~se n tative of South Africa n 
pastures i lt e b tte1· mu ,;t be looked upon as <l i~ti n ctb· poor , for the 
g-reater part of t h e yea r , for purposes of JHoduct ion in stock 
fann ing . Supple men lary feeding-, or, alien wtiYely, the necessity 
f or improvement of: t h e p ast ures, be it by ferti lizing or better manage­
ment to i ncrease t l1eir feedin g nlue, is strongly indicated. 

SUMMARY. 

1. The t hird repor t of t h e ser ies on t h e mineral conlent a11d 
feeding value of 8out h A fr ican natural pa~hn es is pre;:en terl. 

2 . B oth 11ast ure and blood anab·sis confinn t l1e ea1·lier statement 
t hat pr actically .all South African pa stures are low i.n ph osphorus for 
th e gr eater part of t h e _l' ear . 

0. Crude JWOh'in 1 · a r iE'~ nHH'P o r les,; rlirP<:tly ~ ;; i he ph osphoru~ 
<.;o ntent of the pa stun' a nd is extr::wnli nm·ily lo~- durillg- certain 
seasons of the year. 

4 . Generally, ih e sorli. nm conte nt of the ~alllples is so low that 
it su ggests a n i. n su{fic; irncy of so rl ium for Jll O(lu ciJig· animals on 
pastura ge. 

5. The samples a nalysed \Y er e r epn'senta tiYe of i he herbage in 
t h e areas of eollection and n ot necessar il y of t he pasture actually 
eat en by stoc k as will be the case with all samples collected sub­
sequ ently and to be r eport e<l on in du e course. 
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